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Abstract
Paddy rice samples (Oryza sativa) were germinated to prepare germinated brown rice flours. Their functional properties
and amylase activity were measured. Germinated samples had higher water absorption, oil absorption, and bulk density
than those from ungerminated flours.  Germinated rice flour had a least gelation concentration higher than the control
flour. In addition, germination significantly changed the pasting properties of rice flour and increased the amylase activity.
This study indicated that germination affected the functional properties of brown rice flour. It would be likely to design 
new food products using germinated brown rice flour. 
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1. Introduction
Modification of rice flour through the process of germination of paddy rice may be one of the means to
prepare rice flour suitable for applying to food products. During the process of germination, a number of 
biochemical processes take place, leading to change in nutritional quality, chemical compositions, and
activities of various enzymes [1]. These changes would affect functional properties and pasting properties of
germinated rice flour, which directly influence the quality of rice based products. Therefore, this study was
carried out to study the functional property of germinated rice flour. This information is necessary to evaluate
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potential applications of rice flour in food products.  
2. Materials and methods 
2.1. Rice sample 
Germinated brown rice flour (GRF) was prepared from the germinated paddy rice (Oryza sativa L.). Four 
different cultivars including Yellow-11, Chianat-1, Khao Dok Mali-105 (KDML-105), and RD-6 were 
selected for the study. They were purchased from a local rice-milling factory in Mahasarakham province, 
Thailand. The germinated rice samples were prepared by following the method studied by Moongngarm, and 
Saetung (2010) [2]. Germinated and ungerminated brown rice flour (UGRF) were prepared by removing the 
husk of the germinated and ungerminated paddy rice before finely ground using a hammer mill and sifted 
through a 70 mesh screen.  
2.2. Water and oil absorption capacity  
Water- and oil-absorption capacity was determined according to the method reported by [3]. One gram of 
each flour sample was weighed into a pre-weighed centrifuge tube and 10 ml of distilled water were added. 
Samples were vortexed for one min and allowed to stand for 30 min at 25 °C before being centrifuged at 
4000g for 25 min. Excess water was decanted by inverting the tubes over absorbent paper and samples were 
allowed to drain. For oil absorption, 10 ml refined sunflower oil were used. The weights of water and bound 
oil samples were calculated by difference. 
2.3. Bulk density (BD) 
Bulk density was measured by the method of [4]. Ten grams of the tested flour were placed in a 25 ml 
graduated cylinder and packed by gentle tapping of the cylinder on a bench top, ten times, from a height of 5–
8 cm. The final volume of the test flour was measured and expressed as g/ml. 
2.4. Least gelation concentration 
The least gelation concentration was evaluated using the method of [5]. Flour suspensions in 5 ml distilled 
water were prepared to obtain 2%, 4%, 6%, 8%, 10%, 12%, 14%, 16%, 18% and 20% (w/v) suspension. The 
test tubes containing flour suspensions were heated in boiling water for 1 h and then cooled down under 
running tap water for an hour. The least gelation concentrations were determined as the concentration at 
which the sample from the inverted test tubes did not fall or slip. 
2.5. Foaming capacity  
The foam capacity was determined using the method of [6]. 2 g of the flour was weighed and transferred 
into a blender and then 100 ml of distilled water was added and the suspension was blended for 6 min at 27°C. 
The mixtures were then immediately placed in a 250 ml measuring cylinder and the volume of the foam was 
recorded. Foaming capacity was expressed as the percentage increase in volume.  
2.6. Assay of D-amylase 
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The activity of D-amylase of flour samples was determined using the method of the Megazyme  ) Megazyme 
α-amylase assay kit, Megazyme International Ireland Ltd., Bray, Ireland [7].  
2.7. Pasting properties 
Pasting properties of each rice flour sample were determined using the Rapid Visco Analyzer (RVA 4, 
Newport Scientific, Australia). Each sample (3g, 14% moisture basis) was dispersed in 25 mL of distilled 
water before measurement [8]. 
3. Results and Discussion 
3.1. Water and oil absorption capacity 
Germination significantly (p< 0.05) increased the water absorption capacity of brown rice flour (Table 1). 
Other studies also report that the water absorption capacities of cowpea, green gram, lentil and bengal gram 
are improved by germination [9], [10]. An increase of the water absorption of germinated rice flour could be 
due to an increase in sugar content and breakdown of polysaccharide molecules; therefore, the sites for 
interaction with water and holding water could be increased. The highest increase was found in Yellow-11, 
Chainat-1, and KDML-105 cultivar, which contains higher level of amylose content than the RD-6 (waxy 
rice). Germination significantly decreased the capacities of oil absorption of rice flour, except in KDML-105. 
Rice flour from all cultivars had comparable capacity of oil absorption. The oil absorption capacity depends 
on the protein content, which rice flour had only small amount of protein, hence, the oil absorption capacity 
was low. 
3.2. Bulk density 
Germination significantly decreased the bulk density of rice flour (Table 1). Similar results were also 
reported by [9] for the germination of green gram, cowpea, lentil, and bengal gram.  
3.3. Amylase activity of rice flour 
The activity D-amylase during germination of the rice flour, are reports in Table 1. The highest amylase 
activity was observed in germinated flour obtained from the Chainat-1 (22.68 U/g) whilst only low activity 
was found in ungerminated rice flours (0.12 to 0.34 U/g). Similar results were observed by [2].  
3.4. Foaming capacity  
Due to a bulky increase in the surface area in the liquid/air interphase, proteins denature and aggregate 
during whipping, his property is important for flour used in a variety of bakery products [11]. The control rice 
flour did not show any foaming capacity, except in the Chainat-1, but only small amount was observed. The 
germination significantly increased the foaming capacity ranging between 0.92 and 1.56 % as indicated in 
Table 1. The similar results were reported by [12]. 
3.5. Least gelation concentration 
The least gelation concentration (Table 2) for germinated flour was increased in all cultivars. The least 
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gelation concentration was ranged between 8 to 12 % in nonwaxy rice (Yellow-11, Chainat-1, and KDML-
105) whilst that of germinated flour from waxy rice was 14%. Gelation is an aggregation of denatured 
molecules. Germination may break down the rice proteins and, thus caused more denature when heated and 
aggregation than in the ungerminated rice flour. These results would be useful in food systems require thin 
thickening and gelling agents. 
Table 1. Functional properties of germinated rice flour compared with ungerminated rice flour 
 Yellow-11 Chainat-1 KDML-105 RD-6 
UGRF GRF UGRF GRF UGRF GRF UGRF GRF 
Water 
absorption(%) 1.00±0.03
a 1.04±0.07a 1.07±0.03b 1.21±0.17a  1.04±0.09a 1.07±0.05a 0.89±0.06a 0.88±0.09a 
Oil absorption 
(%) 0.88±0.01
a 0.82±0.03b 0.83±0.01a 0.70±0.15b 0.90±0.02a 0.91±0.04a 1.01±0.03a 0.87±0.01b 
Bulk density 0.60±0.01b 0.69±0.03a 0.64±0.01a 0.67±0.01a 0.59±0.02b 0.65±0.00a 0.53±0.02a 0.65±0.01b 
Foam 
capacity(%) - 0.92±0.01 0.03±0.001 1.56±0.08 - 1.09±0.03 - 1.21±0.06 
D-amylase 
activity(U/g) 
0.34 21.46 0.16 22.68 0.11 15.79 0.23 19.05 
Means in horizontal lines followed by same letter do not differ between each other (p < 0.05); Bulk density (g/ml) 
UGRF = ungerminated rice flour; GRF = germinated rice flour; D -amylase activity expressed as ceralpha unit/ g flour) 
Table 2. The least gelation concentration of germinated rice flour compared with ungerminated rice flour (- = not gelled; ± = slightly 
gelled; + = gelled) 
Flour concentration 
(% w/v) 
Yellow-11  Chainat-1  KDML-105  RD-6 
UGRF GRF   UGRF GRF 
 
 UGRF GRF 
 
 UGRF GRF 
2 - -  - -  - -  - - 
4 + -  ± -  - -  - - 
6 + -  + -  + -  - - 
8 + -  + +  + -  + - 
10 + +  + +  + -  + - 
12 + +  + +  + ±  + - 
14 + +  + +  + +  + ± 
16 + +  + +  + +  + + 
18 + +  + +  + +  + + 
20 + +  + +  + +  + + 
3.6. Pasting properties of rice flour 
The pasting properties of flour samples including peak viscosity, trough, breakdown, final viscosities, 
setback time, as well as pasting temperature are reported in Table 3. The highest values of pasting properties 
(all aspects) were found in germinated flour whereas the lowest was in ungerminated one. The germination 
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degradation of starch granules during heating could lead to lower peak viscosity.  
4. Conclusions 
From the results obtained in this study, it can be concluded that rice grain germination influenced 
functional properties of the flour. As previous studies have shown that germination improved the nutritive 
value of rice flour, it seems to be possible to design some new foods based on germinated rice flour. 
Table 3. Pasting properties of germinated rice flour compared with ungerminated rice flour 
 Yellow-11  Chainat -1   KDML- 105  RD-6 
UGRF GRF UGRF GRF UGRF GRF UGRF GRF 
Peak 
viscosity 
128.58 
±11.16a 
28.27 
±7.6 6b  
123.37 
±18.11 a 
84.41 
±4.64b  
120.03 
±11.23a 
31.92 
±1.56b  
96.53 
±4.11a 
23.58 
±0.33b 
Trough  101.86 ±6 .6 6a 
2.21 
±9.15b  
93.78 
±7.53a 
50.89 
±3.37b  
40.70 
±2.11a 
1.36 
±0.06b  
57.91 
±3.78a 
2.11 
±0.41b 
Breakdown 26.72 ±14.22a 
26.06 
±1.81a  
29.59 
±2.20b 
33.52 
±0.59a  
79.33 
±2.81a 
30.56 
±0.48b  
38.62 
±1.77a 
21.47 
±0.94b 
Setback 
 
 
4.91 
±17.01a 
2.01 
±0.06b  
54.16 
±1.16a 
8.14 
±0.84b  
51.44 
±1.47a 
0.55 
±0.001b  
18.45 
±0.23a 
0.83 
±0.00b 
Final 
viscosity 
106.77 
±7. 31a 
14.22 
±2.30b  
147.94 
±15.44a 
59.03 
±1.02b  
92.16 
±5.49a 
1.91 
±0.02b  
76.36 
±2.82a 
2.94 
±0.12b 
Pasting 
temperature 
82.61 
±8.83a 
80.44 
±8.17a  
83.41 
±3.91a 
79.92 
±4.05a  
84.25 
±6.11a 
83.42  ±7
4.16a  
70.75 
±1.74a 
68.63 
±1.33a 
Means in column and same cultivar followed by same letter do not differ between each other (p < 0.05) 
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